Background: Many acute respiratory illness surveillance systems collect and test nasopharyngeal (NP) and/or oropharyngeal (OP) swab specimens, yet there are few studies assessing the relative measures of performance for NP versus OP specimens.
Introduction
Acute respiratory illness (ARI) is a significant cause of mortality and morbidity worldwide, especially in young children [1] . Viruses play an important role in ARI, accounting for up to 90% of lower respiratory tract infections in children , 5 years [2] .
A variety of sample collection techniques and specimen sources can be used to detect respiratory etiologies, including nasopharyngeal (NP) swabs, oropharyngeal (OP) swabs, nasopharyngeal aspirates (NPAs), nasal swabs, nasal washes, sputa, and saliva specimens. Although NPAs may be the most sensitive specimens, especially when conventional diagnostic methods such as immunofluorescence or culture are used [3] , obtaining an NPA is more difficult than obtaining a swab, and collecting NPAs in an outpatient or field setting may not always be feasible [4, 5] . Molecular methods like reverse transcription-polymerase chain reaction (RT-PCR) are becoming widely used for identification of respiratory etiologies [6] . Because molecular tests are more sensitive than conventional methods, less invasive specimen collection techniques than NPA may now approach comparable yields [5, 7] .
Depending upon patient characteristics, especially age, obtaining either -or both -NP and OP swabs can be quite physically challenging. Using only one type of swab would be easier logistically, cheaper, and would enable comparisons across surveillance systems. To evaluate the comparative yields of NP and OP swabs in detecting key respiratory viruses by real-time RT-PCR (qRT-PCR), we conducted a prospective study using paired NP and OP specimens from patients at two respiratory disease surveillance sites in Kenya.
Materials and Methods

Ethics Statement
Ethical approval for the surveillance activities for influenza and other respiratory viruses was obtained from the Kenya Medical Research Institute (KEMRI) Ethical Review Committee (protocol number 1161). After formal human subjects determination, U.S. Centers for Disease Control and Prevention (CDC) determined this surveillance activity to be nonresearch and therefore approval was not required from the CDC Institutional Review Board. Written informed consent was obtained from adults and from the parents or guardians of minors.
Study population
The study population consisted of pediatric and adult patients visiting two health-care sites from June 9, 2009 to August 31, 2010, whose illness met the case definition for influenza-like illness (ILI) or severe acute respiratory illness (SARI). The case definitions for ILI and SARI (Table 1) were adapted from those of the World Health Organization [8, 9] . The maximum number of eligible ILI patients was limited to three per day for each site; there was no limit to the number of SARI patients tested. The health-care sites are in the North Eastern and Rift Valley provinces of Kenya and are part of a wider national influenza sentinel surveillance system run jointly by the Kenya Ministry of Public Health and Sanitation and KEMRI/Centers for Disease Control and Prevention-Kenya (CDC-K).
Specimen collection
NP and OP swabs were separately collected from patients with ILI or SARI by trained surveillance officers. For the NP swab, a polyester-tipped flexible aluminum-shafted applicator (25-801D, Puritan, Guilford, Maine, USA) was inserted into one of the nostrils until resistance was felt at the nasopharynx, then rotated 180 degrees and withdrawn. For the OP swab, a nylon flocked plastic-shafted applicator (503CS01, Copan Diagnostics, Murrieta, CA, USA) was used to sample the posterior oropharyngeal mucosal membrane. After swabbing, the swab applicator was cut off, and each absorbent swab was placed into a vial containing 1 mL of viral transport media (VTM). VTM was prepared at the KEMRI/CDC-K laboratory using standard WHO protocol [10] . Vials were stored at 4uC for up to 72 hours until before shipment to the KEMRI/CDC-K laboratory in Nairobi, where they were stored at 280uC until testing.
Testing for respiratory viruses
The specimens were vortexed, and a 100-mL volume was used for total nucleic acid extraction using the QIAamp Viral RNA Mini Kit (Qiagen GmbH, Hilden, Germany) according to the manufacturer's instructions. One step qRT-PCR was performed by using the AgPath-ID One-Step RT-PCR Kit (Applied Biosystems, Carlsbad, California, USA). NP and OP specimens from each patient were separately tested by singleplex qRT-PCR for eight viral pathogens: adenovirus, influenza A virus, influenza B virus, human metapneumovirus (hMPV), parainfluenza viruses (PIV) 1-3, and respiratory syncytial virus (RSV). The primers, probes and positive controls for all viruses were provided by CDC-Atlanta. Sequences for the primers and probes are shown in Table 2 [11]. We tested for influenza A virus with the conserved matrix gene-base qRT-PCR; positive influenza A samples were also subtyped as 2009 pandemic influenza A (H1N1) virus (2009 H1N1), influenza A (H3N2) virus (H3N2), and seasonal influenza A (H1N1) virus (H1N1) [12] . Fluorescence was read at the combined annealing-extension step at 57uC and recorded as threshold cycle (C t ) values. A C t value #39.9 was regarded as positive; C t values $40.0 were regarded as negative. The qRT-PCR test did not discriminate between viral mRNA and genomic RNA. Specimens were not tested if the following conditions existed when the specimen arrived at the lab: there was no swab, the volume was less than 600 mL, the specimen was at room temperature, patient identification was absent or inadequate, or the patient questionnaire was absent. In addition, the test results were discarded for any specimen whose internal control (human ribonuclease P gene) was negative.
Statistical analysis
Agreement of the results between the paired NP and OP specimens was assessed by using the kappa coefficient. We used the following nomenclature to describe the relative strength of agreement associated with kappa statistics: , 0 = poor; 0-0.2 = slight; 0.21-0.4 = fair; 0.41-0.6 = moderate; 0.61-0.8 = substantial; and 0.81-1 = almost perfect [13] . The assessment was carried out separately for each respiratory virus and for each of the influenza A subtypes.
Similar to previous studies [5, 7] , we assessed the sensitivity for each sampling method by considering any positive from either of the specimens as a true positive. We compared the sensitivities using the McNemar's test to account for the correlated binary 
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All ages (all of the following): outcomes from paired data. To avoid bounds above 100%, we used the exact binomial confidence limits. Statistical significance was set at a p-value ,0.05. Data were analyzed with SAS software version 9.2 (SAS Institute, Cary, NC, USA).
Results
During the study period, 2,374 paired NP and OP swabs were collected. Forty-three specimens were rejected because of poor quality. Of the 2,331 paired specimens included in the analysis, 754 (32.3%) were from patients with ILI and 1,577 (67.7%) were from patients with SARI. Overall, 1,402 (60.1%) paired specimens were positive for at least one virus, including 393 (16.9%) specimens that were positive for more than one virus. The median number of days from onset of symptoms to specimen collection was 2 days, and 95.9% of samples were collected within 5 days from onset of symptoms (range 0-30 days). The median age of patients was 1 year (range 1 month to 70 years), and 81.6% of patients (n = 1,902) were less than 5 years old (Table 3) . Fewer than half (46.1%) of the patients were female (n = 1,074). Adenovirus was the most commonly identified virus, detected in $1 specimens from 679 (29.1%) patients (Table 4) .
For all patients combined (ILI and SARI), the relative sensitivities of the swab types varied by virus ( For all SARI patients (n = 1,577), OP swabs were significantly more sensitive than NP swabs for adenovirus and 2009 H1N1 virus, but NP swabs were more sensitive than OP swabs for influenza B virus, PIV 2, and PIV 3. For all ILI patients (n = 754), OP swabs were more sensitive than NP swabs for adenovirus and overall influenza A virus; NP swabs were not more sensitive than OP swabs for any of the viruses in this illness category (Table 5 ). The relative sensitivities of NP and OP swabs from children , 5 years old (n = 1,902) mirrored the overall results. When results in this age group were stratified by SARI and ILI, the comparative sensitivities for NP and OP swabs reached statistical significance in the same pattern as that for all SARI and ILI patients. However, for patients aged 5-17 years (n = 344) and for patients 18 years and older (n = 85), neither swab was significantly more sensitive for any of the viruses, including when results were stratified by SARI and ILI status. For male patients (n = 1,257), specimen performance for all viruses mirrored the overall results. For female patients (n = 1,074), as with the overall results, OP swabs were significantly more sensitive than NP swabs for influenza A virus and adenovirus, while NP swabs were significantly more sensitive than OP swabs for PIV 2; however, there was no statistical difference by swab type for 2009 H1N1 virus, influenza B virus, and PIV 3.
There was a substantial agreement (k.0.60) between the NP and the OP swabs for all viruses except adenovirus, unsubtypable influenza viruses, PIV 1, and PIV 2 ( Table 4) . PIV 1 had a moderate strength of agreement (k = 0.59) between swabs, but adenovirus and PIV 2 had only a fair strength of agreement (k = 0.33 and 0.39, respectively). Unsubtypable influenza viruses had poor strength of agreement (k = 20.68). If only the more Table 2 . Primers and probes used in this study. (Table 4) .
Discussion
To our knowledge, this is the largest study to use qRT-PCR to compare NP and OP swabs for a range of respiratory viruses. We found that the relative performance of specimen type varied by virus. Neither specimen performed uniformly better: NP swabs were more sensitive for some viruses (influenza B virus, PIV 2, and PIV 3), OP swabs were more sensitive for others (overall influenza A virus, 2009 H1N1 virus, and adenovirus), and there was no difference for the rest of the viruses. The large number of patients in this study allowed us to perform comparative statistical analysis with a relatively high degree of precision.
For adenovirus, OP swabs were more sensitive than NP swabs, a finding that was statistically significant in both ILI and SARI patients. This difference may reflect the fact that the major site of initial replication of adenoviruses is the non-ciliated respiratory epithelium of the oropharynx [14] . The kappa value between NP and OP swabs for adenovirus was low (k = 0.33). This result is consistent with findings of Lambert et al., in which adenovirus accounted for the highest proportion of discordant paired NPA and nasal-throat swab specimens from children [7] . Adenoviruses include over 50 serotypes, and the low concordance between NP and OP specimens for these viruses may reflect different cell tropisms of the adenovirus serotypes for different parts of the respiratory tract [15] . Although we did not conduct serotyping, future studies that evaluate specimen performance for specific adenovirus serotypes could test this hypothesis.
For influenza viruses, sensitivities of NP and OP swabs differed by both type and subtype: NP swabs were more sensitive than OP swabs for influenza B virus, while OP swabs were more sensitive than NP swabs for overall influenza A and 2009 H1N1 virus; there was no significant difference between swabs for H3N2 virus or the unsubtypable influenza A viruses. The sensitivities of NP and OP swabs for unsubtypable influenza A viruses were low, and the strength of agreement between the two swabs was poor. However, unsubtypable influenza A viruses were likely a mix of 2009 H1N1, seasonal H1N1, and H3N2 viruses, making it difficult to interpret this finding. Because half the influenza A specimens were 2009 H1N1, the overall influenza A results were biased towards the 2009 H1N1 findings. Previous studies evaluating NP and OP swabs in detecting influenza viruses found NP swabs to be more sensitive than OP swabs, but these studies used combined outcomes for influenza A and B viruses and did not analyze by influenza A subtypes [6, 16, 17] . The difference in sensitivities of the two swabs in our study may reflect different affinities of influenza types and subtypes for different locations in the respiratory tract. While all influenza viruses infect the respiratory epithelium from the nasopharynx to the bronchioles, 2009 H1N1 virus (and H5N1 virus, which we did not find in our study) can infect lower parts of the respiratory tract, including the alveoli, more commonly than seasonal influenza [18] . This difference could account for the better sensitivity of OP swabs, which reach deeper into the respiratory tract than NP swabs, for 2009 H1N1 virus. Of note, OP swabs have been shown to have superior yield over NP swabs for human cases of avian influenza A (H5N1) [19, 20] .
The OP swab sensitivities and kappa values of the parainfluenza viruses were relatively low, with the sensitivity of the OP swab for PIV 2 being the lowest of any virus in our study. This preference for NP swabs is consistent with reports that nasal washes and nasal aspirates have yielded the highest rates of viral recovery for PIV [21] .
This study had several limitations. First, we compared only NP and OP swabs; although many routine surveillance systems for The percentage of cases that would have been missed if only the more sensitive swab had been used for viruses which had significant differences in sensitivities between swabs. influenza and respiratory diseases collect NP and/or OP swabs, other surveillance systems collect NPAs, NP washes, or nasal swabs [22] . While recent studies have used PCR to compare the relative yield of NPAs with those of nose-throat swabs or nasal swabs for respiratory viruses, no studies have evaluated more than three sampling techniques [5, 7, 23, 24] . Head-to-head studies in the future comparing NP swab, OP swab, NPA, NP wash, nose-throat swab, nasal swab, and nasal wash specimen types would provide important information for decisions about which specimens to use for respiratory disease surveillance systems. Second, the NP and OP swabs consisted of different kinds of swab material and used different designs. We used conventional polyester swabs for sampling the nasopharynx and flocked nylon swabs for the oropharynx. Although flocked swabs are superior to conventional swabs for cell recovery, a study comparing different swab material and design (rayon versus nylon flocked swabs) in both the nasopharynx and oropharynx found that the difference in the cycle threshold values between sampling sites was much greater than the difference between swab material and design [25] . Because neither specimen type was consistently more sensitive than the other, we think it is unlikely that the difference in swab material and design substantially affected our results. Additionally, while we tested for eight viruses, we did not include some common viruses, such as coronaviruses and rhinoviruses, and we did not test for bacteria. Finally, the number of adults (n = 85) in this study was relatively small, accounting for just 3.6% of all patients, and as a result there was limited power to compare the sensitivities of NP and OP swabs for specific viruses in this population. In summary, NP and OP specimens collected from patients with respiratory illness had variable sensitivities by qRT-PCR for eight viruses. Neither specimen was consistently more sensitive than the other. Collecting both swabs had a complementary effect; even when there was higher sensitivity for one technique over the other, the lower-sensitivity technique still identified a considerable number of cases not identified by the higher-sensitivity one. For respiratory disease surveillance programs using qRT-PCR that aim to maximize sensitivity for a large number of viruses, collecting combined NP and OP specimens would be the ideal approach. However, the enhanced sensitivity of using both swabs comes at a higher cost; this includes not only the expense of the second swab, but further patient discomfort as well as additional time and effort from the person taking the sample. Thus, for surveillance systems with limited resources, a single-swab approach, whether NP or OP, would be the most logistically simple and maintain moderate sensitivity for many of the pathogens we tested in our study. The percentage of cases that would have been missed if only the more sensitive swab had been used for viruses which had significant differences in sensitivities between swabs. 
